Helium is a pivotal element in understanding multiple main sequences and extended horizontal branches observed in some globular clusters. Here we present a spectroscopic study of helium in the nearby globular cluster M4. We have obtained spectra of the chromospheric He I 10830Å line in 16 red horizontal branch, red giant branch, and asymptotic giant branch stars. Clear He I absorption or emission is present in most of the stars. Effective temperature is the principal parameter that correlates with 10830Å line strength. Stars with T eff < 4450 K do not exhibit the helium line. Red horizontal branch stars, which are the hottest stars in our sample, all have strong He I line absorption. A number of these stars show very broad 10830Å lines with shortward extensions indicating outflows as high as 80-100 km s −1 and the possibility of mass loss. We have also derived [Na/Fe] and [Al/Fe] abundances to see whether these standard tracers of "second generation" cluster stars are correlated with He I line strength. Unlike the case for our previous study of ω Cen, no clear correlation is observed. This may be because the sample does not cover the full range of abundance variations found in M4, or simply because the physical conditions in the chromosphere, rather than the helium abundance, primarily determine the He I 10830Å line strength. A larger sample of high-quality He I spectra of both "first" and "second" generation red giants within a narrow range of T eff and luminosity is needed to test for the subtle spectroscopic variations in He I expected in M4.
INTRODUCTION
Messier 4 (M4) is one of the nearest globular clusters to the Sun, and as such, has received considerable attention via both photometry and spectroscopy methods. The cluster has a horizontal branch that is well populated by stars both blueward and redward of the RR Lyrae region (Lee 1977) . With a metallicity of [Fe/H] ∼ −1.2 (Ivans et al. 1999; Yong et al. 2008; Malavolta et al. 2014 ) based on high resolution spectroscopy, M4 sits near the local minimum in the metallicity distribution of the Galactic globular cluster system that separates the two peaks corresponding to the metal-poor and metal-rich populations of clusters. Since the work of Norris (1981) , who discovered a CN bimodality among the red giant branch stars, it has been known that M4 is chemically inhomogeneous. Abundance inhomogeneities have since been discovered among both red giant and horizontal branch stars in the elements ranging from carbon to aluminum (Ivans et al. 1999; Marino et al. 2008 Marino et al. , 2011 Carretta et al. 2013) . The pattern of correlated Na-Al-CN and anticorrelated O-Na in M4 is also typical of many globular clusters (e.g., Kraft 1994; Carretta et al. 2009a,b) , and is often taken as evidence for multiple generations of star formation within the clusters (Gratstrader@pa.msu.edu adupree@cfa.harvard.edu graeme@ucolick.org ton et al. 2012) .
In M4 two sequences of main sequence stars have been detected using optical and near-infrared photometry (Milone et al. 2014; Nardiello et al. 2015) . In the cluster ω Cen, Norris (2004) and Piotto et al. (2005) argued that the bluest of the main sequence components was enhanced in helium. Subsequent studies (cf. Gratton et al. 2012) have concluded that helium is enhanced in other clusters too-perhaps as a result of high temperature hydrogen burning in a previous stellar generation. Spectral study of the 5875Å He I feature in the blue horizontal branch stars of M4 suggests they have a helium abundance of Y = 0.29 which exceeds the primordial helium abundance by ∆Y ∼ 0.04 (Villanova et al. 2012) .
Given the relatively close proximity of M4 to the Sun, and the rather archetypal pattern of abundance inhomogeneities within it, this cluster seemed a natural additional to a program that we have been carrying out to study the behavior of the 10830Å He I line among evolved Population II stars, both in clusters (Dupree et al. 2011; Smith et al. 2014) and in the Galactic halo field (Smith et al. 2004; Dupree et al. 2009 ). This paper reports the results of an investigation of a sample of red giant branch (RGB), red horizontal branch (RHB), and asymptotic giant branch (AGB) stars in M4. Spectra of the 10830Å He I feature for 16 stars have been obtained with the PHOENIX spectrograph on the Gemini-South telescope for a study of line profiles and equivalent widths, while high resolution optical spectra of the same stars with the Magellan/MIKE spectrograph have been used for a study of the Fe, Na and Al abundances to trace the abundance differences. Ancillary information is also available from the literature on the Na and Al abundances and 3883Å CN band strengths for a subset of the stars observed.
While the main goal is to use the 10830Å He I feature to provide abundance information (e.g., Pasquini et al. 2011; Dupree & Avrett 2013) , it is worth noting that this close triplet of lines formed in the upper chromosphere is very sensitive to mass motions, and indeed it was this context that the line was first studied in metal-poor giants (Dupree et al. 1992; Smith et al. 2004 ).
OBSERVATIONS

Stars Observed in M4
The sample of stars observed is listed in Table 1 , designated by the nomenclature of Lee (1977) . Photometry is listed in the Johnson BV system as measured by Lee (1977) , either through photoelectric or photographic techniques. Among the brightest stars a classification into RGB and AGB can be made by comparing the V and B − V photometry of each star with the (V, B − V ) colormagnitude diagram (CMD) of Cudworth & Rees (1990; see their Figure 4) for stars with probabilities of cluster membership greater than 90% on the basis of proper motion. There is differential reddening across M4 (Sturch 1977; Cudworth & Rees 1990; Lyons et al. 1995; Hendricks et al. 2012) , which leads to a spread in the color of the RGB and AGB sequences in the CMD, and complicates an unequivocal distinction between RGB and AGB stars, especially at high luminosities. The RGB and AGB sequences in the CMD are well-separated for V > 11.7, and the stars in our program are all fainter than this. Smith & Briley (2005) classified some stars in Table 1 on the basis of a CMD corrected for a single mean reddening. However, here we adopt the classification of Ivans et al. (1999) that considered differential reddening; these classes are also listed in Table 1. A number of the most luminous RGB and AGB stars in the present program have been included in published studies of the CN distribution in M4. The classification of such stars into CN-strong, CN-intermediate, or CNweak categories by Smith & Briley (2005) is given in Table 1. 2.2. Gemini-S/PHOENIX Infrared Spectra Classical-mode observing time was awarded (Program GS-2009A-C-9) with the PHOENIX 1 spectrograph mounted on the Gemini-S telescope (Hinkle et al. 2003) to obtain high-resolution spectra of the He I 10830Å line of evolved stars in M4. Spectra were acquired over the course of three clear nights beginning 10 June 2009 UT. PHOENIX was configured with a slit of width 4 pixels yielding a spectral resolution of ∼50,000. The J9232 order-sorting filter was selected which spans 1.077-1.089 µm, and allows coverage of the He I 1.083 µm line. Spectra of stars in M4 were acquired via a nodding mode (A-B pairs) with a spatial separation of 5 arcsec. Exposure times for the majority of the M4 giants totaled 3000 1 See http://www.noao.edu/ngsc/phoenix/phoenix.html sec via two 1500 sec exposures, while for the fainter cluster stars observed the integrations totaled 6000 sec, and the brighter stars totaling 1800 sec via two 900 sec exposures. Because standard comparison lamps have a sparse wavelength pattern in this near-infrared region, a bright Population I K giant (α TrA) was also observed, the spectrum of which contains many securely identified narrow absorption lines from which to determine the wavelength scale. Throughout the night, spectra of rapidly-rotating B stars were obtained at a range of air masses to monitor the strength of telluric water vapor features. Additional standard stars, as well as the B stars, were observed with a nodding pattern having a separation of 8 arcsec, in order to avoid contamination of the spectra of the M4 giants by any residual image resulting from the observation of these bright calibration stars. Flat-field lamp exposures and dark frames were taken at the end of each night.
The raw images were corrected for cosmic rays using L. A. Cosmic (van Dokkum 2001) . After this, the nodded image pairs were subtracted from each other. These subtracted images were divided by a dark-corrected, normalized flat field, followed by optimal extraction of onedimensional spectra. The spectra were wavelength calibrated using the observations of α TrA. The individual wavelength-calibrated spectra were then combined with variance weighting. The summed spectra were normalized by fitting a second-order cubic spline to the continuum, excluding the region between 10833 to 10844Å where the Doppler-shifted Si I line (10827.09Å) and He I line (10830.34Å) occur. A narrow H 2 O feature that sits 0.7Å to 1.2Å blueward of the strongest component of the He I triplet was divided out using observations of fastrotating hot stars taken at similar airmass. A mosaic of the observed 10830Å He I profiles is presented in Figure  1 .
Equivalent widths were measured by integrating the normalized spectra over the line feature in the IRAF task splot. Repeated independent measures suggest the typical random uncertainty in the equivalent width is ∼ 5%. As an estimate of the systematic uncertainty, for the two RGB stars with detected He I (L4206 and L4413), we remeasured the equivalent widths a number of times for different choices of the wavelength range of the fitting and the continuum normalization, finding an uncertainty of about 15-20%. This can be taken as a more conservative estimate of the uncertainty in the fitting procedure for He I lines of this equivalent width.
Measurements of equivalent width of the He I feature are listed in Table 2 . In the case of two stars, L3215 and L3503, the listed value is a lower limit due to the possibility of emission redward of the anticipated rest frame center of the feature. Any such emission is admittedly subtle and subject to uncertainties in the continuum placement. Upper limits to the equivalent width are given for 3 stars (L1408, L2519, L4415) where no signature of helium could be found. The upper limits represent a direct integration over ∼ 1.5Å centered on the wavelength of He I in the target star determined relative to the strong Si I absorption. Lee (1977) . b Reddening adopted in the analysis. The line of sight towards M4 has a non-standard reddening law (Hendricks et al. 2012 ). c pe = photoelectric; pg = photographic. d Evolutionary status: RHB, RGB, or AGB. Taken from Ivans et al. (1999) for stars on the RGB/AGB. e CN class from Smith & Briley (2005) , with S, W, and I representing strong, weak, and intermediate. Lee (1977) . b Indicates whether helium is present in absorption (yes), both emission and absorption (em), or not detectable (no). c The equivalent width of the helium line. For non-detections this is an upper limit; for the stars that show emission this is a lower limit.
Echelle spectra of the PHOENIX targets were obtained at the Magellan/Clay telescope on 25 May 2008 (UT), 14-15 July 2008 (UT), 3 May 2009 (UT), and 19 July 2013 (star Lee 4413 only), using the MIKE spectrograph (Bernstein et al. 2003 ) with a 0.7 × 5 ′′ slit. The spectral resolution with this setup ranges from ∼26,000 on the blue side (3350-5000Å) to ∼36,000 on the red side (4900-9300Å). Total exposure times per star were typically 1800 sec in clear sub-arcsecond conditions. An IDL pipeline developed by S. Burles, R. Bernstein, and J. S. Prochaska 2 was used to reduce the MIKE data. The pipeline evaluates the detector gain, processes a set of flats recorded each night, obtains wavelength solutions Figure 1 . Spectra in the vicinity of the 10830Å He I feature for evolved stars in the globular cluster M4. The expected location of the He I feature is marked in each panel, together with the designation of each star according to Lee (1977) , and evolutionary state as proposed by Ivans et al. (1999) .
malized line profiles. In some cases, where blending was present, the blended profile was deconvolved using multiple Gaussian profiles in order to evaluate the contribution of the line of interest to the total feature. The selected lines, adopted oscillator strengths, and measured equivalent widths are listed in Tables 3 and 4 .
ABUNDANCE ANALYSIS
Fe, Na, and Al element abundances were derived from the MIKE equivalent widths using a procedure very similar to that described in Dupree et al. (2011) , which should be consulted for details. Minor modifications were made to account for the large and differential reddening towards M4.
Initial estimates of effective temperature and surface gravity for the program star were obtained via a combination of broad band photometry. Specifically, V and K photometry (Table 2) was taken from the compilation of Hendricks et al. (2012) for a subset of the stars. For the remainder that were not in this compilation, V photometry was taken from Cudworth & Rees (1990) and K magnitudes from 2MASS (Skrutskie et al. 2006) . Effective temperatures were determined from (V − K) 0 colors via the calibration of Alonso et al. (1999) . These colors were corrected for differential reddening using the results of Hendricks et al. (2012); extinction values for Ivans et al. (1999) , in the sense of us-them. b Median difference in parameters with Marino et al. (2008) , in the sense of usthem.
stars outside the boundaries of their map were obtained by linear extrapolation. The fact that the V − K colors compiled in Table 2 are in a slightly different photometric system to that used in the Alonso et al. (1999) calibration was found to make a difference of less than 100 K in the inferred temperatures for the M4 stars in our MIKE sample, and we did not make a correction for this difference. Surface gravities were estimated from the K 0 magnitude, assuming a stellar mass of 0.8M ⊙ , and applying K-band bolometric corrections 4 from Buzzoni et al. (2010) . A distance of 1.80 ± 0.05 kpc was used (Hendricks et al. 2012) .
The reddening is the largest source of random uncertainty in our analysis, as it can substantially change the derived effective temperatures. A change of 0.01 mag in E(B − V ) corresponds to a 35 K uncertainty in T eff . The effect on log g is smaller (< 0.02 dex) as the K magnitudes are minimally affected by extinction and T eff enters the surface gravity calculation logarithmically.
Model atmospheres were derived from the grid of Castelli & Kurucz (2004) for [α/Fe] = +0.4, interpolated to the temperatures and gravities of each star in the MIKE M4 sample. The values of T eff and log g of each star were held fixed throughout the abundance analysis and are listed in Table 2 . Lines used in the abundance analysis are given in Tables 3 and 4 , along with measured equivalent widths. Measurements of the [Fe/H] abundance were carried out using an iterative fit of 10-13 Fe II lines. The microturbulent velocity v t was estimated by requiring that there be no trend of Fe abundance with line equivalent width. Once these parameters were set, Na and Al abundances were determined from 1 to 5 clean absorption lines of each element. The stellar parameters and derived abundances are listed in Table 2 .
There are five stars in common between our sample and the larger M4 abundance survey of Ivans et al. (1999) , while there are four stars in common with Marino et al. (2008) . Table 5 provides a comparison between our assumed stellar parameters and derived chemical abundances to the previously published values. The T eff scale adopted here is slight cooler than in previous studies, while the abundances generally appear to be consistent at the ∼ 0.1 dex level. 4.1. The GEMINI-S Spectra of the He I Feature Figure 1 shows that considerable variety exists among the He I profiles. Perhaps most striking is the strong He I absorption of some of the RHB stars as compared to the RGB and AGB stars. L3503 has the weakest He I feature among the M4 RHB stars in our sample, although even this star does appear to exhibit some He absorption. By contrast, the RHB stars L1404, L3310, L4406 and L4412 all exhibit very strong absorption profiles that cover a wide wavelength range extending both blueward and redward of the rest wavelength. The profiles are broad, typical of a chromospheric line, in contrast to the nearby photospheric Si I absorption feature. As the helium profiles are not typically symmetric about the rest wavelength, stellar rotation is not the cause of the broadening. For stars L1404 and L4406 in particular, the absorption appears to extend much more to the blue side of line center than to the red side. In these stars the absorption extends to the location of the Si I line at 10827 A, implying mass outflows with speeds in excess of 80 km s −1 . Only in the instance of L3310 might it be argued that the He I profile has broad but symmetrical wings that extend blueward to the vicinity of the Si I line. By contrast, the only RHB star to have very strong He I absorption that does not extend to the Si I line is L2413. While all evolutionary states exhibit helium line absorption, more than half of RHB stars have strong, broad profiles with a notable degree of asymmetry. The one RHB star that most resembles the weaker He I absorption seen among the RGB and AGB stars is L3503. Figure 2 shows a color-magnitude diagram of our target stars with the presence of helium indicated. The absence of helium for the coolest stars in the sample is readily apparent.
Emphasizing this observation, Figures 3 and 4 shows the He I plotted against (B − V ) 0 and T eff , respectively. In Figure 3 RHB stars L3503 and L1407) have equivalent widths less than 120 mÅ. Equivalent widths in the range 0-100 mÅ for the 10830Å He I feature have also been found among the evolved giants of the globular cluster M13 (Smith et al. 2014) , and metal-poor field stars in the halo ). Among RGB and AGB stars there is no clear trend between EW(He) and the (B − V ) 0 color. Figure 4 shows that the separation between stars having strong 10830Å features (EW > 200 mÅ) and those with EW < 100 mÅ occurs rather abruptly at T eff ∼ 5600 K. Helium is not detected in RGB and AGB stars with T eff < 4450K.
These results may suggest that the hotter RHB stars have a greater far-UV flux from the chromosphere that ionizes helium and populates the lower level of the 10830 A transition through recombination. Or, instead, the warmer stars may have a distinct chromospheric structure that happens to include higher temperatures. While the MIKE optical spectra of the Ca II H and K lines of the RHB stars exhibit emission reversals near the line cores, a systematic correlation between this emission strength and the helium equivalent width is not apparent. We note that the near-IR and optical observations were not contemporaneous, and the potential for line variability cannot be ruled out. It is well known that helium-burning clump giants in the solar abundance Hyades cluster exhibit X-rays and appear to have a resurgent dynamo and magnetic activity cycles (Baliunas et al. 1983 ).
L3207 and L3215, both of which are considered to be AGB stars, were included in a high resolution spectroscopic study of the NaD and Hα lines by . They found evidence for atmospheric mass motions in some M4 red giants, as exhibited by velocity shifts in the cores of the NaD and Hα absorption profiles, although for L3207 and L3215 any such shifts are on the order of 1 km s −1 or less. Outflows generally accelerate through the chromospheres of red giants (Mészáros et al. 2009 ). L3207 exhibits a clear He I absorption profile that is reasonable symmetric and does not exhibit high-velocity absorption, consistent with the NaD and Hα information from . However, L3215 is a more difficult case to interpret, since there may be He I absorption extending from the rest wavelength of the He line center towards the Si I line. However, our spectrum of L3215 is rather unusual in the vicinity of any putative He I feature since the spectrum appears to be high relative to the predicted continuum redward of line center. If real, this would be evidence of a P Cygnitype of line profile. This could instead be an artifact of an incorrectly set continuum redward of the Si I line, though emission appears prior to the normalization of the spectrum, and other targets do not show a similar enhancement before they are normalized. Table 1 is −1.19 with a range of 0.31 dex, while the seven RHB stars have a mean of −1.21 with a smaller range of 0.11 dex. There is no significant difference between these two means, and we conclude that our abundance analysis is consistent with [Fe/H] = −1.20 for M4. This can be compared with means of −1.18 found by Ivans et al. (1999) from predominantly RGB stars, −1.23 by Yong et al. (2008) , and −1.16 by Malavolta et al. (2014) .
The helium equivalent width vs [Fe/H] is displayed in Figure 5 where no correlation appears between these two values. This behavior is similar to that found both in field metal-poor giant stars ) and Omega Centauri giants (Dupree et al. 2011) . We emphasize that we have not precisely estimated the uncertainties in the derived [Fe/H] values and we do not claim evidence for an intrinsic [Fe/H] spread in M4 on the basis of our spectra.
The trend between Na and Al abundances among the stars in our M4 sample is shown in Figure 6 as a plot of [Al/Fe] Based on the CN classifications in Smith & Briley (2005) , the CN-strong RGB stars in our sample are L1617, L4413, and L4415, with L2519 being classified as CN-intermediate, while the only CN-weak RGB star in our sample is L1701. For these five giants the [Na/Fe] abundances from Table 2 are 0.40, 0.52, and 0.29, −0.27, and −0.13. Thus the average [Na/Fe] for the three CNstrong giants is 0.40 dex. The CN-intermediate giant L2519 has a similar sodium abundance to the CN-weak giant L1701, and the average for the two stars is −0.20. Consequently our derived [Na/Fe] abundances are consistent with the CN-[Na/Fe] correlation in M4 discussed by Ivans et al. (1999) and Smith & Briley (2005) . The pair of CN-weak AGB stars, L3207 and L3215, have [Na/Fe] derived from the MIKE spectrum of 0.06 and −0.22 respectively, which for the case of L3215 is consistent with the sodium abundance of the CN-weak RGB star L1701. Star L1408 was listed by Smith & Briley (2005) as having an uncertain evolutionary state, while the [Na/Fe] = 0.16 measured for it is midway between the CN-strong and CN-weak groupings.
Comparing He I Absorption with Na and Al
Abundances and CN Strength Here we compare the He I equivalent widths of the evolved M4 stars to the CN, Na, and Al abundances. Considering the CN-strong giants L1617, L4413, and L4415 the values of EW(He) are 54 mÅ, 88 mÅ, and < 11 mÅ. Thus two of these giants did exhibit He I at the time of observation, while one did not. For the CNintermediate giant L2519 the spectrum provided only an upper limit on EW(He) of 40 mÅ. The CN-weak giant L1701 evinced a He I feature of 100 mÅ that is greater than for any of the RGB stars with stronger CN absorption bands. Also interesting in this regard is that the two CN-weak AGB stars L3207 and L3215 have values of EW(He) of 102 and > 54 mÅ respectively, by contrast with < 21 mÅ for the CN-strong AGB star L1408. Thus in the case of both the limited number of RGB and AGB stars in our sample it is the CN-weak varieties that exhibit the strongest He I absorption. To this can be coupled the observation that among the three CN-strong RGB stars L1617, L4413, and L4415 there is a range of some 70 mÅ in EW(He). Thus the data provide no evidence of any straightforward correlation between CN and He abundance among the evolved giants in M4. As such, our results for M4 are rather reminiscent of the findings of Smith et al. (2014) Here all the stars, including the RHB stars, are plotted. There are no clear trends in either of these plots.
DISCUSSION
We find no evidence for a correlation between the 10830 A He I line strength and any abundance inhomogeneity in M4. As such, there is no evidence from our spectra that He abundance variations are implicated with the CN, O, Na, and Al abundance inhomogeneities that exist on the RGB and AGB of M4.
The interpretation of these results is not straightforward. It may be that when the 10830Å feature is weaker than 120 mÅ it is much more sensitive to mass motions in the chromosphere or UV flux than it is to any potential range of He abundance that may exist in M4. Villanova et al. (2012) suggest that the helium enhancement in M4 over primordial values is small, ∆Y ∼0.04. Indeed, the range of 10830Å He line strengths is much smaller in M4 than in the cluster ω Cen, in which this feature provides direct evidence of He abundance variations. (Dupree et al. 2011; Dupree & Avrett 2013) . In M4 we have detected helium in two RGB stars with enhanced Na and Al abundances at an average equivalent width of 84 mÅ. Conservatively assuming that the expected change in the He I equivalent width is comparable to the 15% change in ∆Y inferred, then we predict that "first generation" RGB stars should have 10830Å equivalent widths of about 72 mÅ. Given the typical measurement uncertainties, a sample of about 16 RGB stars of similar stellar parameters evenly divided between "first" and "second" generation stars would allow a 2σ detection of the predicted difference in helium between the two groups. This estimate is necessarily uncertain: at fixed T eff a variety of effects can change the strength of the 10830Å line; on the other hand, in ω Cen we observed much larger differences in the He I equivalent width than expected solely on the basis of a linear scaling of the line strength with the helium abundance.
Arguably our most striking result is the marked in-crease in equivalent width of the 10830Å He I line with increasing effective temperature on the horizontal branch of M4. This could be attributed to a real variation in He abundance from the red to the blue side of the RHB, or instead to a change in the structure of the chromospheres with increasing T eff . Determining whether He abundance variations are truly present would require careful, challenging modeling of the chromospheres of these stars, likely requiring additional data such as Hα and Ca II H and K spectroscopy (Dupree & Avrett 2013) . UV observations could also indicate if high temperature regions are present as a result of a magnetically heated atmosphere, providing a mechanism not only to strengthen the helium line but also driving the observed outflows. One piece of circumstantial evidence consistent with true He abundance variations across the RHB in M4 is the result of Marino et al. (2011) , who found a systematic difference in O and Na abundances between blue and red HB stars. The blue HB stars tended to have high Na and low O compared to the RHB stars: the Na-O anticorrelation found among RGB stars of comparable luminosity seems to map into a Na-O anticorrelation along the HB. If the He abundance varies continuously with the Na abundance, then the warmer RHB stars might indeed be expected to have higher He, with this effect being masked in the RGB and AGB stars by other atmospheric effects. But at present we can only suggest this as a possible avenue for further spectroscopy and 10830Å line modeling.
The temperature cutoff of the appearance of helium for stars with T eff < 4450K in M4, irrespective of evolutionary state, echoes a similar result found in the globular cluster M13 (Smith et al. 2004 ) and in metal-poor field stars ). In this context, the claimed detection (Pasquini et al. 2011 ) of helium in one extremely cool luminous red giant in NGC 2808 (T eff = 3843K) is surprising and might be a transient phenomenon, perhaps arising during a phase of modest pulsation of the star.
We note that the T eff limit below which helium is not observed in metal-poor stars is similar to that at which Hα emission becomes prominent in RGB stars in the globular cluster M15, which was hypothesized to be related to the onset of pulsations in stars with T eff 4500K (Meszaros et al. 2008 ). This study also found that Hα emission is present in AGB stars in M15 at warmer temperatures than for RGB stars, suggesting that both T eff and evolutionary state are important determinants of the structure of the chromosphere.
Less relevant for abundances, we also note the pronounced incidence of strong He absorption profiles among RHB stars in M4 and the frequency with which highvelocity absorption extends towards the Si I line. Mass outflows with speeds of up to 80-100 km s −1 are suggested by the blueward absorption profiles seen in some stars. The chromospheric escape velocity at 2 stellar radii equals ∼ 130 km s −1 for a star of mass 0.7 M ⊙ and R = 8R ⊙ , higher than the velocities established for the RHB stars, though these values may be below the terminal velocities of the outflows. Strong He I absorption and outflows have also been documented among RHB of the Galactic halo field population by Dupree et al. (2009) , where speeds approaching chromospheric escape velocities are found. The results from M4 show that such outflows are also present in cluster RHB stars.
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